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ABSTRACT 

The most common weedy /:V/] inoc/i/ot/ species in l:urope— T. (LJ Link. U.crus-yalli (LJ Beauv., 

L hispiclula (Retz.) Nees ex Royle, /:. oryzoidcs ( Arduino) Fritsch, E. oryzicola CVasingJ Vasing. are 
lor ihc lirst time analyzed regarding the micronnn phology ol lemma and caryopsis, the anatom\' of 
the caryopsis and the size ol the starcli grains. New potential!)’ valuable characters are the size of the 
caryopsis. the pattern of surface variation of the caryopsis coat, and the size of the starch grains. A 
cautionary approach is suggested towards the taxonomic utility ol the silica bodies shape. Based on 
the new characters, the relationships betw^een the species are analyzed. Some nomenclatural issues 
involving E. oryzicola, E. oryzoidcs, and /:. hispidula are also discussed. For the first time, E.colona is 
recorded Iroin Romania. 



RESLIMEN 

Las especies mas comunes de Echi H()ch loa en F.uropa que sem /:. colona (L.) I_ink, /:. crus-galli (L.J 
Beauv. E. hispid u la (Retz.) Nccsex Royle, /LnrycuicL’sl Arduino), Fritsch, E. oryzicola ( Vasing.) Vasing. 
han siclo analizadas por primera vez mediante micromorlologia del letnina y del cariopside, la 
anatom ia del cariopside y por el tamanode losgranos dealmidon. Los nue\’oscaracteresque se pueden 
considerar de gran valor son el tamanodel cariopside, la variacion en el patron de la superficie de la 
cubierta del cariopside y el tamano de los gramas de almidbn. No se sugiere como herramienta 
taxonomica la (ormade loscuerpossiliceos. Basandtxseen los nuevoscarac teres, seanaliza la relacion 
entre las especies. Algunos topicos de nomenclatura que involucran a E. (fryzicola, /:. oryzoidcs y E. 
hispidula son tambien discutidos. Por primera vez E.c<dona se cita de Rumania. 



INTROIXJCTION 



Hchinochloci is an economically imporrant genus 




its species 



are noxious weeds. In Europe, E hispidula. b. oryzoidcs and b. oryzicola are most 
often found as weeds in rice fields while E. crus-galli and b. colona although 
presentin rice lields, are more ol tenencountered in irrigated fields and amongst 
vegetable crops (Kossenko 1947; Vasconcellos 1954; Pirola 1965; Chirila 1984; 
Tzvelev 1976; Haflinger &Scholz 1980; Carretero 1981; Mosyakin 1996;Ciocarlan 
2000). The taxonomy of the genus is controversial due to nomenclatural prob- 
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Icins and the continuous morphological variation exhibited by the taxa. For 
the practical purpose of plant idcntil ication, the species often lack conspicu- 
ous identification characters. Previous treatments and ta.xonomic studies are 
often contradictory and, consecjuently, the limits ol the taxa are uncertain and 



S 



pecimens in herbaria are often misidentified. Other important taxonomic treat 
ments of the genus Cor part of the genus) are those ol StapI (1899, 1934), Hitch 



21), Kossenko (1947), Ohwi (1942, 1962), Martinez 




cock (1920), 

Crovetto (1942), Vasconccllos (1954), Bor (196(3), Pirola (1965), Chirila (1967, 
1984), Yabuno (1962, 1981), Ali (1968), Gould et al. (1972), Tzvclev (1976), 
llaf linger Gr Scholz (1980), Clayton (1980), Carretero ( 1981), Michael (1983) and 



Brussoni (1994). 




acterization 




zenus can 




in Wat- 



son and Dallwitz (1992-onw'ards). Carretero (1981 ) provided a summary ol the 
morphologic characters lor European w'eed\' species ol the genus Ec/ii noch loci 

The identification of new characters uselul in determining taxonoinic 
boundaries liave shed light on our understanding ol dillicult groups such as 
grasses. The study of lemma micromorphology can provide characters valu- 
able in elucidating the delimitation of taxa, and these characters may rel lect 
systematic relationships. Micromorphological features ol glumes and bracts 
(lemma and palea) have been studied in other genera Irom Pom cue by: BJorkman 
(1960), 1 IsLi (1965), Baum (1971), Lucas (1979), Clark and Gould (1975), Thomas- 
son (1978a; 1978b, 1980, 1981, 1986). Shaw and Smeins (1979), Terrel and Wergin 
(1981), Terrel et al.(l983), Webster and 1 latch (1983), Barkworth (1983), Peterson 
(1989), Soderstrom and Zuloaga (1989), Kellogg (1990), Zuloaga and Judziewicz 
(1991), Valdes-Reyna and Hatch (1991), Molina (1993), Naredoet al. (1993), Ball 
et al. (1993, 1999) and Snow (1996, 1998). 

Caryopsis morphology has received a lot ol attention since the iTeginning 
of the centurv; however, most studies have locused on the general morphology 



and the structure of the embryo. There is comparatively less in lor mat ion avail- 
able on the anatomy ol the caryopsis coat in \'arious other grasses (Netolitzky 
1926; Anderson 1927; Avery 1930; Krauss 1933; Hayvard 1938; Akerberg 1943; 
Bradbury et al. 1956; MacLeod Cr Palmer 1966; Kowal Cr Rudnicka-Sternowa 
1969; Rost 1973; Jones Cr Rost 1989; Rost et al. 1990; Ungurean &r Costea 1994, 
1997). According to our knowledge, micromcTrphology and anatomy ol the cary- 
oDsis in Hchi nochlou have not been studied so lar. 

The purpose ol this study is to ex'aluate the taxonomic uselulness ol select 
floral characters in Echinochloa, namely, micro- and macrocharacters ol the 



lemma and caryopsis, the cat 




, and the size ol starch grains. Further- 



more, the nomenclature, the taxa limits and the inters 
tc hi nochlou are also discussed. 




s m 



MATliRlAl. AND MLTHODS 



Samples were collected and identified from populations in Spain and Romania 
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The accessions (roin Spain were collected and identified by Professor Jose Luis 
Carretero Irom Polytechnic University Valencia, Spain (Table 1). The samples 
I rom Romania were collected and identified bv the first author (Table 1). Mature 



spikelets were collected from the median region of the panicles as the spikelets 
1 rom the upper parts of the inflorescence tend to be smaller. Micromorphologi- 
cal characteristics were assessed on 20 specimens in each population. Voucher 
specimens for all the taxa are preserved in the VALA, BUAG and BUG Herbaria 
collections. 



Micmmorphology of sterile lemmas and earyopses— Ten mature caryopses 
(or each specimen were examined. Only the adaxial (ventral) face of sterile lem- 
mas and caryopses was observed. Sterile lemmas and caryopses were mounted 
on aluminium stubs with Avery’s spot-o-glue and then coated with 20 nm of 
gold using Bio-Rad Sputter-Coatter SC-500. Samples were examined with 0" 
tilt at 5-15 KV on a Hitachi S-4100 Scanning Electron Microscope. 

Structure of the caryopsis ctnu.— Mature caryopses with the glumes and 
bracts removed were soaked in warm water lor 1 hour. Afterwards, they were 
I ixed in FA A (90 ml 95% ethanol, 5 ml formal in and 5 ml glacial acetic acid) for 
48 h. Caryopses were transferred to 70% ethanol, dehydrated in tertiary butyl 
alcohol (TBA),and embedded in Tissuemat. Ten mature caryopses for each speci- 
men were serially sectioned to 5-10 pm, stained with safranin and fast green, 
mounted in Canada balsam, and examined with standard brightlield optics 
and with polarized light. A small number o( caryopses belonging to each ac- 
cession were soaked, fixed, embedded and sectioned without removing the 
glumes and bracts. The anatomy drawings were made using a Reichart camera 
lucida. The lengths of the largest lilty starch grains located in the mealy en- 
dosperm from each caryopsis, Irom each accession were measured as well. 



SPIKELETS AND LEMMATAI 




ICROMORPHOl.OGY 



Depending on the environmental conditions, an Hehinochloa spp. plant can 
produce 1500-22000 spikelets distributed on 9-25 panicle bearing culms. The 
spikelets have 2 flowers; the lower 1 loret is sterile consisting only ol lemma and 
palea. Sometimes the lower floret is staminatc (especially in E.eolona). The ster- 
ile lemma may be awned; but thischaracter is relatively insignificant. The spike- 
lets ot E. eolona are unawned, those ol £. orycuides are always awned, and those 
of the other species may be awned or not. An important character, emphasised 
by all authors, is the size ol the spikelets. The lower glume is about 1/2 the length 
of the spikelets in E.eolona: 1/2-3/4 in E. crus-gal I i, E.oryzo ides and E. hispidula. 
and 1/2-3/5 in E. oryzicola. The lemma (in the species examined) is becoming 
indurated and difficult to remove. Micromorphological characters of the lemma 
for Echinochloa include: short cells (silica cel Is), long cel Is, bicellular microhairs, 
papillae and microhairs. Stomata may occasionally occur in all species. Cork 
cells were not observed on the Echinochloa sterile lemmas. Silica bodies are 



S28 



BRIT.ORG/SIDA 20(2) 



I ABU I. Description of sample populations. 



Species 


Source 


Accesions 


Fchinochlou colona 


Spain (VALA') 


e 1, c2, c3 




Romania (BUAGd BUG ) 


e 1 l,cl2 


Fchinochloa crus-yalli 


Spain (VALA) 


c5501,cs606,cs825,cs820 




Romania (BUAG, BUG) 


cs21,cs22,cs23 


tchinoLhIoa liispidula 


Spaif3 (VALA) 


h802,h803,h805,h81 1. 


L ch if ) och loa o r y z o i d e s 


Spain (VALA) 


os808, os819, os909 




Romania (BUAG) 


()b31 , os35, os40 


Fch if 1 (X hloa o r y z i c o 1 a 


Spain (VALA) 


oa806, oa909 




Romania (BUAG) 


oa64, oa69, oa70, oa7 1 



a-Department of Botany, Polytechnic Institute Valencia, Spain. 

b-Dc'partment of Botany, University of AgronotTiical Sciences Bucharest, Romania 

c -Botanical Garden, University of Bucharest, Romariia. 



restricted tea the intercostal regions. They can he cross-shaped or dumbbell- 
shaped. Within each category, 2 types can be further recognised. 

Cross-shaped type (ratio length;vvidth = 1:1 j. 

Cl. Silica bodies with the two endings deeply dix'ided (big. le). 

C2. bndings on 




Dumbbell-shaped type (ratio lcngth;width = 1:2). 

Dl. The two endings rounded (Fig. 1 a, I ). 

D2. The two endings cmarginated or bilobed (Fig. Id). 

Fven if one or two types ol silica beaches predominate in one species, one sterile 
lemma may ol ten contain sporadically the other types as well. 

Long cells are easily recognizable by their length and their sinuous mar- 
gins. Long cel Is are associated with papillaeat theirdistal ends, especially near 
the apex ol lemmas. Bicellular hairs, 30-(a0 jam long, are present in all species 



<a et al. 1959; Amarasinghe &r Watson 





and belong to the panic<)i 
1988; Watson & Dallwitz 1992-on wards). All the trichomes observed in 
Echinochloa (bicellular microhairs excepted) are more or less macrosccTpic. 11 
shorter, they arc only an earlier stage in the development ol macrohairs. They 
tend to increase in Irequency and length towar 
The marginal veins usually have the longest hairs. They are somewhat shorter 
or even missing from the median and lateral veins. Macrerhairs are present in 
the intercostal regions but they are usually sheirter compared to those ol the 
marginal veins. In h. ()ryGicolu, sterile lemmas ol ten appear glabrous in the in- 
tercostal regions. The macrohairs are rigid, pointed and oriented toward the 
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Fig. 1 . Micromorphology of lemma. General view. a. Echinochloa oryzoides (scale bar 50 |im, b. E. hispidula (scale bar 50 
^m), c-d. E. oryzicola (scale bar 250 |am and 50 |im); silica bodies, e. E. oryzicola (scale bar 25 ^im), f. E. hispidula (scale 
bar 25 um) 






















530 



BRIT.ORG/SIDA 20(2) 




Fig 2. Micromorphology of lemma and caryopsis: a. general view of lemma in Echinochloa crus-galli (scale bar 250 |.im), 
b. silica bodies in E. crus-galli (scale bar 50 |im). c-f Micromorphology of caryopsis: c. E. oryzoides, d. E. crus-galli, e. f. 
hispidula,f. E. oryzicola (scale bar 50 |.im). 
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c:aryopsis 






s 



is the dry, inonospermous, inde 



hiscent fruit of grasses in whieh the layers of pericarp are fused with the seed 
coat. The adnation between the pericarp and the seed coat starts in the placento- 
chalazal region and extends toward the rest ol thecaryopsisClzaguiredc Artucio 
& Laguardia 1987). 

The size of caryopsis varies proportionally with the size ol the spikelet and 
therefore isalsoan important dil Icrcntial character. The caryopsis is round, ellip- 
soid to ovate, with the ventral (adaxial) face rounded and the dorsal lace(abaxial) 
more or less flat. The ventral lace shows the axis ol the embryo. The embryo is 
large, about 0.5 times the caryopsis length in E. colonai almost as long as the 
caryopsis in E. oryzicola and O.h-0.7 times the caryopsis length in the other 
examined species. The scutellar region is visible around the embryo axis. The 
dorsal face features the basal pointed coleorhiza, which is also encircled by a 
rounded scutellar region. The hilum may or may not project on the outline of 

plants shed their spikelets, they land with the convex lace 
down, in a position that brings the embryo in the most favourable position lor 
germination. The glumes and sterile lemma then absorb the water necessary 



When 



Whe 



is completed alter which they sink and fall to the bottom of the water (Cmstea, 
unpublished). The mature carx’opsis coat is shiny and whitish, yellowish or 
brown. The scutellar region prolonged around the embryo (on the convex, ven- 
tral face), is smooth or wrinkled, and may have black spots (H. oryzicolci). 

Micromorphology of caryopsis [Fig. 2,c-lj is not similar in the Ec hi nochloa 
species examined. The epicarp cells are elongated ranging from 60-120 gm in 
length and 10-20 gm in width. The periclinal walls are flat, except for E. 
oryzicola which has concave periclinal walls (Fig. 21 ). The anticlinal walls are 
protuberant and undulated with the amplitude, the width at the base and the 
shape of the undulations having diagnostic value. For example, in E. crus-galli 
(Fig. 2d) the anticlinal walls arc ii-undulated (undulations rounded, wider to- 
ward the apex and narrower at the base), in E. orzyoidcs and E. hispidula they 
are S-undulated, (Fig. 2c and e) and in E . oryzicola they are Z-undulated (Fig. 2f). 

Anatomy of the caryopsis coal (Fig. 4, a-c) in the examined species is simi- 
lar. The differences observed are minute and ciuantitative. The caryopsis coat 
consists of adnate layers ol pericarp, seed coat and nucellus that surround the 
endosperm and embryonic axis. II the lemma is not removed, cross-sections 
rex'cal its connivence with the caryopsis. The structure of the lemma resembles 
the structure of the leaf. A homogenous mesophyll consisting of 2-4 cell layers 
can be observed between the 2 epidermis. During the early stages of develop- 
ment the mesophyll cells contain chloroplasts. These cells are larger than the 
epidermis cells, with thickened, sclerified cell walls at maturity (Fig 4, 1-c). 
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Fig 3. Morphology of caryopsis. a. Echinochloa crus-galli, b. E. hispidula, c E. oryzicola, d. E. oryzoides,e. E. colona. Scale bar 
1 mm. 
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Fig. 4 . Anatomy of caryopsis. a. Echinochloa oryzicola, b. E. crus-galli, c. E. oryzoides.up — upper epidermis of lemma, m- 
mesophyll of lemma, Iw-lower epidermis of lemma, ep-epicarp, m$-mesocarp, sc-seed coat, al-alleurone layer, <e-cen- 
tral endosperm, sg-starch grains. Scale bar 10 |.im. 



The veins in young lemmas resemble the tertiary veins of the leaves. The cary- 
opsis coat is thin (7-15 pm thick), with a simple structure. It consists of only 2-3 
cell layers. The one-layered epicarp is the most representative component of the 
pericarp. The epicarp cells have thickened walls. The mesocarp is also single- 
layered with smaller and often crushed cells. At caryopsis maturity theendocarp 
is usually no longer visible. In younger caryopses it consists of long thin-walled 
cells (“tube-cells”), parallel to the epicarp cells. The seed coat is fused with the 
pericarp and it is not structured, visible only as brown line. The nucellus per- 
sists as a thin remnant. A single layered alleurone is continuous around the entire 
endosperm. The alleurone layer can be locally 2-layered in E. oryzoidcs (Fig. 
4c). The central endosperm consists of large, irregularly shaped cells that con- 
tain simple starch grains. The central endosperm does not have a homogenous 
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appearance. Around the embryo the endosperm is "mealy” and soft while in 
the rest ol the caryopsis is hard and glassy. In most ol the spcciese.xamined, the 

endosperm predominates. However, in h.()ryt:()ic/c.s' the mealy endosperm 

an the glassy endosperm. The mealy endosperm 
contains rounded, isolated starch grains; only rarely they are aggregated (.but 
not compound) in small groups ol 2-4 granules. The hard endosperm has po- 






’ round) starch grains. 




<cd together. Thi 



s 




responds to the PtiniLitni type described by Tateoka (.I4p2). The average size ol 
the starch grains is significant and it varies between b.b pm and 10.5 pm de- 
pending on the species. The embryo has a scutellar tail, without an epiblast. 



SPliCIlZS OnSCiRlPTKTN ANP) NtTNlPNCLATURP 

Nomciu'lal lire.— Most of the nomenclatural problems ol t.oryzitola are related 
to the binomial Punic urn phyllopogon on which He liiihk hlou phvllup(>gon (.Stapf) 



StapI e.\ Koss. is based. Sta pi’s diagnosis of Pu/ndim) phvlI(pwgon addresses only 
the vegetative features of the plants, particularly the pi'csence of hair tufts in 
the eol lar region ol the leax’es. For a long time this leature was erroneously con- 
sidered to be an exclusive eharacteristic ol only one species— h. phyllipM)gon, 
thus generating extensive nomenclatural confusion. The individuals of 



tch inch'll loii oryzicolu—d more recent name— are constanri)’ showing this \’eg- 
etative characteristic. Consequently t.c’rvzicolu \vdsi 




rally been con- 
sidered a synonym of H. phyllopogcin (Pirola 1%5; Morariu 1472; Kerguelen 1475, 
1443, 2002; Czerepanov 1481; Michael 1483; Chirila 1484; Ciocarlan 2000). 
Kossenko (1440) lurther contributed to this confusion when he subordinated 
li.oryzicolu as a subspecies ol H.phyllopcigon (1440). Other authors erroneously 
considered t. oryzicola to be a synonym ol t. hispitiulu (Ohwi 14p2; Gould et 
al. 1472) or even ol F. nrvpthdc.s' (Clavton 1480). 



Stapl’s eollections ol Punicnin phyllopogon at Kew comprise both vegeta- 
tive and lertile specimens. Tul ts ol hairs are obvious in most of the vegetative 
specimens and in se\x'ral |')lants bearing inf loreseences. Carretero (1481) noted 
that tul ts t)l hair might also occur in the leaf collar of F. h ispicliilu (1481 ). After 
examined Stapl ’s col lection, Carretero ( 1481) sy nonym ized F. pliyl lopcigon with 
F. hi'^pidnlu. Michael initially regarded Stapf’scollection (1475 in herb, 1483)as 
a mixture ol F. phyllopogon (the plants showing the vegetative characteristics) 
and F. oryzoicics. Later, alter examining populations from Spain, Italy and 
France he obserxed that individuals of H. oryzoidcs ma\' also ha\'e leaves with 



hair tul ts in the cr)llar region and accordingly he synonymized F. phyl lopcigon 
with F. oryzoidcs. The author selected as a lectotype lor Ihinicuin phyllopogon 
the one sheet in which the ini lorescence and tufts of hairs are evident on the 
.same specimen (1485, note in the Kew 1 lerbarium on the specimen selected asa 
lectotye, collected by jacometti from "Novarra, in rice fields”). We support 



COSTEA AND TARDIF, TAXONOMY OF ECHINOCHLOA; CHARACTERS OF THE LEMMA AND CARYOPSIS 



535 



Michael’s view in that E. phyllopogon may be a synonym ol if. oryzoidcs and that 
Stapf’s collection is a mixture of E.oryzicola and E.oryzoidcs( = E. phyllopogon). 

Many recent studies on the biology, ecology, herbicide resistance and physi- 
ology have been also using the binomial ‘'Echinochloa phyllopogoif referring 
probably to E.oryzicola (Fox & Kennedy 1994; Fox et al. 1995; Mujer et al. 1995; 
Gibson et al. 1999; Fischer et al. 2000; Fischer et al. 2000). 

Identification key.— The following key is modilied from Carretero (.1981) 
and Michael (1983). 

In order to improve chances of correctly identifying the species, a range ol 
individuals from the same population and a range of spikelets and caryopses 
belonging to the same plant should be collected and examined. Spikelets length 
measurements do not include the awns. Caryopsis measurements refer to dry 
caryopses. Starch grains should be observed in the mealy endosperm (around 
the embryo). 



1 . Spikelets 2-3 mm long, regularly arranged on the racemes. Caryopses whitish, 0.7 

1 .2 mm long with the embryo 0.4-0. 5 of the caryopsis lengtl’i E. colona 

1. Spikelets larger, irregularly arranged on the racemes. Caryopses larger, light-yellow 

or in different shades of brown, with the embryo 0.6-0.9 of the caryopsis length 2 

2. Spikelets 3.9-5 mm long; caryopses 2-3 mm long; starch grains 7 10 gm in 

diameter 3 

2. Spikelets 2. 8-3. 7 mm long; caryopses 1.4-1. 8 mm long; starch grains 5-5.6 gm 

in diameter 4 

3. Coleoptyle red-purplish. Leaves often with a tuft of brown hairs in the collar 
region. Lower glume 1/2-3/5 the length of the spikelets, with the 3 veins 
visible only at the base. Sterile lemma often glabrous and shiny, rarely with 
stiff macrohairs, up to 0.8 mm. Caryopses brownish, 2-2.4 mm long, with the 
embryo 0.9 of the caryopsis length, and the glassy endosperm equal or more 

developed than the mealy endosperm E.oryzicola 

3. Coleoptyle green. Leaves only rarely with a tuft of hairs in the collar region of 
the leaves. Lower glume 1/2-1/3 the length of the spikelets, with the 3 veins 
visible along their entire length. Sterile lemma never glabrous and shiny, pro 
vided with dense, stiff hairs up to 1mm long. Caryopsis light-yellow, 2. 2-2. 8 
mm long, with the embryo 0.6-0. 7 of the caryopsis length and the mealy 

endosperm more developed than the glassy endosperm E.oryzoides 

4. Weeds of rice fields, occasionally with a tuft of hairs in the collar region of 
the leaves. The panicle is not pyramidal with branches often whorled. Spike- 
lets ovate elliptical, 3. 3-3. 8 mm long. Caryopsis 2-2.2 mm long with the 

scutellar zone transversely wrinkled E. hispidula 

4. Weeds not obligate of rice, but sometimes occurring in rice fields espe- 
cially on the margins of the ponds. Leaves never with hairs in the collar of 
the leaves. Panicle pyramidal with the branches never obviously whorled. 

Spikelets ovate, 2.S-3.4 mm. Caryopsis ovate, 1.4- 1.9 mm, with the scutel- 
lar zone smooth E. crus- gain 




Echinochloa colona (L.) Link, Hort. Bcrol. 2:209. 1833. “JAMAICA;" Antilles. 

Bnnvnc (I.INNj. Pcuiiciim ioloniim L., Syst. Nat., cd. 10, 2;870. 1759. lu hinochhni ( L.) 

Beam', subsp. coltimi (L.j Honda, Bot. Mag. (Tokyoj, 37:22.1923. 
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= /^tniic iun zoihilc Guss., Fl. Sic. Prod. 1:^2. 1827. 

= lichiiuh hloa vcrticilluUi Bcrluuu, Bull. Soc.Bot. Fr., 1QS3:1 1. IQS4. 

There is still disagreement over how to write the speeifie epithet, as various 
authors have used either "colon mu" or "colona" to designate the species The spe- 
cilic epithet is most likely derived from the medieval Latin adjective "colonus- 
ci-mn" in w'hich case "Echinochloa colona" is the correct spelling. Another hy- 
pothesis (Carretero 1981) is that the specific epithet results from the contraction 
ol the word "colonormn," the plural genitive ol "colonus-i," although we believe 
this to be less probable. 

Echinochloa colona is the most easily recognised species. It is annual, often 
rootingat the lower nodes. The leaves may have purplish transversal bands. The 
ini lorescence is usually erect, with short branches (the lower ones are shorter 
to ec|ualling 3 cm long). The spikelets are regularly arranged on the racemes. 
Often the lower lloret of the spikelets is staminate. The lower lemma is awn- 




not 







mm long. The 



s 




ets are ovate, 2-3 x 1. 2-1.8 mm. The 



lower glume is 3-veined, about 1/2 as long as the spike let. The upper glume is 5- 
veined. The sterile lemma is 7-veined. The median vein may or may not have 
macrohairs. Longest macrohairs, 1 mm long. Lateral \rinsare only distal ly con- 
spicuous. The silica bodies are ol type D2. The stigmas are dark-red. 



The 



; carv 




is round to almost so, whitish and translucent, (0.7-) 
0.9- 1.2 X 0.7-1. 1 mm. The embryo is 0.4-0. 5 of the caryopsis length. Theepicarp 
cellsare 40-65 x 8-12 pm. The periclinal wallsare flat. The anticlinal wallsare 
moderately thick (2. 1-2. 7 pm), undulated; the amplitude of the undulations is 
5-10 pm, and their width is 6-12 pm. The undulations are i2-shaped or S-shaped. 
Starch grains, 5.6 (i 0.24) pm long. The chromosome number is 2n = 6x = 54 
(Carretero 1981; Yabuno 1985; Koul &r Gohil 1991; Devesa et al. 1991). 

This species is a widespread weed in rice liclds in tropical and subtropical 
areas ol the globe. In Europe it has been recorded in the warmest countries 
(Spain, Portugal, Italy, France, Turkey, Greece), where it grows as a ruderal or 
segetal weed in irrigated crops (and sometimes also in rice). It seems to be ex- 
panding towards typical temperate countries where it usually grows as a rud- 
eral. As an exam pie, we are recording the occurrence ol this species lor the I irst 
time in Romania where we have encountered it since 1996 growing as a ruderal 
in the Railroad Station in Bucharest. 



2. Echinochloa oryzicola (Casing.) Casing, in Komarov, L'l. U.R.S.S. 2:33. 1934 . Tyit:: 

“Oriente Fxtremo inter segetes Orvenc scf i vne F." Panic iiw (>rvzic(^lci Vasing., Bull. Appl. Bor. 
FI. Breed. (, Fen ingrad) 2 "5(4): 1 25. Iwh i nochloa phyIlop(\zan (.Si apt ) Kos.s. subsp. nryeindu 

( \'asi ng.) K OSS.. NSa. S\ St. I lerb. Acad. U.R.S.S. 8( 1 2);2 10. 1040. /a hiiuh hlaac ncs-gti//i (F.) Beauv. 
car. (U'vci((d(/ 1 Vasing.) C^lnvi, /\cia Phyiotax. Cieoboi. 11:38. 1042. 

= I'A hiiKH hloa phvll()p(\Z()n auct., non StapI 

Annuals; the European populations with a tult ol browmish hairs in the collar 
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region of the leaves. The hairs are obvious f roin the two or four leaf stage. Yabuno 
(1962, 1981) studying Asian populations (ound that different forms - notably 
his C and F forms - do not al wayse.xhibit the tul t ol hairs in the collar region o( 



the leaves. The inflorescence is normally erect and spreading but occasionally 
can be horizontal or pendent and may be green to red coloured. Spikelets are 
ovate-elliptical, awned (awn not exceeding 2 cm in length) or not, measuring 

3.9-4.8(-5) X 2. 2-2. 4 mm. The spikelets persist in the panicle longer than in E. 
oiyzoides. The lower glume is about the length ol the spikelet, with 3 

veins only partially visible. The upper glume is 5-7 veined. The sterile lemma 
is 4-5 veined. The median veins may or may not have short hairs (0. 5-0.6 mm); 
the laterals veins are conspicuous only toward the apex. The longest macrohairs 
are up to 0.8 pm long. The sterile lemma can be: a) glabrous and shiny, con vex— 
with the lateral veins visible only along their distal part. In the intercostal re- 
gions the macrohairs are rare, short, 0.1 -0.4 mm, with a swollen base (Fig. 1, c 
and d) (C-lorm ol Yabuno 1962, 1981). This is the most common type encoun- 
tered in Europe, b) more or less flat and coarse, with dense long macrohairs, up 
to 0.8 mm in the intercostal regions (F-form of Yabuno 1962, 1981). The silica 
bodies may be type C2 (Fig. le) or D2 (Fig. Id). The stigmas are red. The cary- 
opsis is ellipsoidal to almost round measuring 2-2.4 x 1.8-2. 1 mm (Fig. 3c). The 
em bryo is 0.75-0.9 ol the caryopsis length. Often the stigmas are persistent. The 
hilum is prominently visible on the outline of the caryopsis. The colour is 
brownish-red, brownish-green or brownish-grey. The scutellar zone is irregu- 
larly wrinkled oltcn with black spots. The epicarp cells are 100-120 x 15 pm. 
The periclinal walls are concave (Fig. 4a). The anticlinal walls arc moderately 
thick (2.6-3. 2 pm) and undulated; the amplitude ol the undulations is 8-10 pm, 
and their width is 6-7 pm (Fig. 2f). The undulations are Z-shaped (acute and 
narrow toward the apex) (Fig. 2f). The glassy endosperm predominates or it is 
as developed as the mealy endosperm. Starch grains arc 7.14 (x 0.51) pm in 
length. The chromosome number is 2n = 4x = 36 (Carretero 1981; Yabuno 1985, 
1 996). 

This species originated in China and SE Asia and is now a weed of rice in 
Europe, Asia, North and South America. The biology and ecology ol a culti- 
vated form of E. oryzicola has been recently described by Hirosue et al. (2000). 

3. Echinochloa crus-galli (E.) Beauv., Ess. Agrost.:53, 161, tab. 11, fig. 2. 1812. 

"Huropae. V1ri;iniae cultis” (LINN). !\micum crus-^alli I Sp. PL. cd. 1:56. 1753. Milium crus- 



galli (I-.) Mocnch. Meth:202. 1794. 



The herbarium sheet number 80.18 (LINN) contains a specimen collected by Kahn in 
Canada, annotated by Linnaeus himself as Piinicum crus-calli. Several authors (Hitchcock 
1920: Baum 19 (t 7; Carretero 1981: Michael 1983) observed that this specimen does not belong 
to crus-galli. The same situation occurs with the other two sheets labelled IMnicum crus- 



galli (80.19 and 80.20) by Linnaeus. According to Carretero. only the specimen 80.17 labelled 
by Linnaeus as Panicuf)! t rus'corvis corresponds to E. crus-galli. Ali (1968) and Gould ct al. 
(1972) designated a neotype. Michael (1983) designated as a lectoiype the specimen 1: 303 
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Iroin Burscrs Herbarium at (he Uni\'ersit\' ol L’ppsala |in order to retain the speeil ie epithet. 
Baum sugi^ested the .same solution but he did nor select a k\ tot) pe (H)07)|. 



l\inii uni c } us-iOf vi 1 ... Sp. Pi., ed. 2. 1;84. 17o2. 

Annuals with erect to spreading or decumbent sterns, up to 120 cm. The panicle 
is ol ten pyramidal with purplish nuances, erect, but sometimes nodding. The 
ini loreseence brairches are longer than 3 cm, patent or erect-patent, never ob- 
viously whoricd. The lower branches are Irequenrly twice branched. The spike- 
lets are irregularly arranged on the racemes and the lower I loret is rarely stami- 
nate. Spikelets are ovate to broadly-ovatc, 2.8-3.T x l.P-1.8 mm. The lemma ol 
the low'cr lloret isawnlcssorawned,theawn not exceeding .5 cm in length. The 
lower glume is 3-veincd and about 1/2-1/3 the length of the spikelet. The up- 
per glume is 5-7 veined. The sterile lemma is 7-vcined. The lateral veins are 
visiblealongtheirentirc length oronly toward theapex.The longest macrohairs 
are about .1 mm long. The silica bodies belong to types C2 or D2 
stigmas are white or red. 

Thecaryopsis isovate, 1.4-l.d x 1. 3-1.6 mm, brownish-red or hrownish-grey 
in colour. The embryo is 0.6-0.7 ol the caryopsis length (lag. 3a). The epicarp 
cells are 60-80 x 10-15 jam. The pcriclinal walls are I lat. The anticlinal walls 
are thick (2. 6-3. 2 j.im)and undulated; the amplitude ol the undulations is 8-10 
pm, and their width is 6-7 pm. The undulations are U-shaped (Fig. 2d). The 

rm predominates. The starch grainsare 5.0pm (± 0.37) in length. 
The chromosome number is 2n = 6x = 54 (Carretcro 1081). 

This species is probably the most widespread ol the genus, being a com- 
mon and noxious weed all over the world, especially in irrigated crops. It is less 
limited to warm climate compared to H. colonel and /:. hispidula. In rice it usu- 
ally grows on the pond margins, but it may also penetrate the interior of the 





nee 




4. Cchinochloa hispidula (Rctz.) Neesex Royle, 111. Bot. Flimal. ll:41(a, 42(4 1840. 

Tm’F; "I ndia ckiontali," Konii;(LD). I\niu imi hisi^iJuIum Rctz.. Obs. Bot. 5:18. 1784 hchinoi hl()ci 
c f (l.J [k'auv. van hisivdulci (Rctz.) Honda, Bol. Mag. ( Icikyo) 37:122. 1423. ludi i noc h loii 

( 1 U-.j Bcau\'. subsp. luspiclulti (Rctz.) 1 londa, ). Fac. Sci. Tokio Hni\'„ Bot. x2o7. 1430. 

- hi hi fKh'h l(Hi phvi lo rv^oidcs Nc^vel li. Ciiorn Risic 2:3(10 ( 1 41 2 ). 

- hi'h i line /i loti crci Ui (Pol lacci j Pignat i i. Arch. Ikit. (Italy) ^1 , sen 111. 15( I ):2. 1455. hi hi line /i /nn crus- 

gn//i (L.) Ik^auN' subsp. crct fn (Pol laci) C ilcrri c\r Giacornini Nniincncl. FI. Ital. 1:2(\ 145(1. 

Annuals which may occasionally have tufts of hairs in the collar region of the 
leaves. The panicle is rarely pyramidal. erect to pendent.grecn with purplish 
nuances. The branches are whorled and more or less erect, except for the lower- 

are ovate-elliptical ol 3.3-3.6(-3.8) x 1. 7-1.8 (-2) mm. The 
lower glume is 3-\'cined, about 1/2- 1/3 ol the spikelet leirgth, and the upper 
glume is 5-7 veined. The sterile lemma is7-veined resembling li.crus-galli.Thc 
longest macrohairs are about 0.8 mm long (Fig. lb). The silica bodies are vcr\’ 



most ones. 
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variable, depending on the population - Cl (h802) (Fig. lb), Cl and D1 (h803, 
h805), C2 and D2 (h805). The stigmas are white but may occasionally be red. 

The caryopsis is larger that of E. crus-gaUi, ovoid to oblong, 2-2.2 x 1. 5-1.8 
mm and brownish-red or brownish-grey in colour (Fig. 3b). The embryo is 0.6- 
0.7 the caryopsis length, and the scute! lar zone is transversally wrinkled (Fig. 
3b). The hilum is projecting on the outline ol the caryopsis. The epicarp cells 
are 65-90 x 10-15 pm. The periclinal wal Is are flat. The anticlinal walls are thick 
(2.6-3.2 pm)andS-undulated; the amplitude of the undulations is 8-10 pm and 
their width is 6-6.5 pm (Fig. 2e). The glassy endosperm predominates. The starch 
grains are in average 6.3 (± 0.47) pm in length. The chromosome numbers re- 
ported are: 2n = 6x = 54 (Devesa et al. 1991) or 2n = 36 (Carretero 1981; Feng & 
Zhang 1993). 

This taxon probably originated in the SE Asia. It is widespread in tropical 
and temperate areas of Asia, Alrica, America and Australia. In Europe it grcws 
only in the warmest regions (Spain, Italy, Portugal and France) as a weed of rice 
fields. 



5. Echinochloa oryzoides (Arduino) Fritsch, Verb. Zool.-Bot. Ges. Wien 41: 742. 

1891. TypH: “Semina hujus Panici inventa a me fuere inter Oryzam” Panicnm or\zoulcs 
Arduino, Animadv. Boi. Spec. Alt. 16, tab. 5. 1764. Panicnm crus-gcilli L. var. orvcuidcsCArduino) 
Fiori, Nuov. FI. Anal. Ital. 1:76. 1623. 



= Hchinochloa crus-gLilIi (L.) Beauv. subsp. oryzoides Bolos & Masclans, Collect. Boi. 4:420. 1636. 
= Panicnm hoslii Bieb., 14. Taur. Cauc. 3:57. 1816. Echinochloa crns-galli (L.j Beam’ subsp. hostii 
(M. Bieb.j K. Richtei; Pi. Fur. 1:26. 1860. 

= I^ujicnm phyllopogon Stapf, Ho(4<, Ic. Plant., ser. 4, plate 2668. 1601. Echinochloa phyllopogon 
CStapl ) Stapf. ex Koss., Not. Syst. Herb. Acad. U.R.S.S. 8 (12):208. 1640. 

- Echinochloa macrocarpa Vasing. in Komarov, Fl. U.R.S.S. 2:736. 1634. EchinochloLi crns-galli F. 

Beauv. var. macrocarpa (Vasing.J Morariu in Savulescu, Fl. Rom. 12:86. 1672. 

- lE'hinochloa coarctala Koss., Not. Syst. Herb. Acad. U.R.S.S. 6(1):28. 1641. 

= Echinochloa commnlalLi Schultes in Roemer &r Schultes, Syst. Veg., ed. 15, Main. 2:267. 1824. 



Annuals with erect to spreading or decumbent stems, up to 130 cm tall. The 
seedlings have a reddish coleoptyle. Tufts of hairs in the collar region may be 
ini requently present. The inflorescence isgreen, pendent and at maturity hang- 
ing almost horizontally, resembling rice in habit. The branches of the panicle 
are often adpressed to the main rachis. The spikelets are rather persistent, usu- 
ally awned (awn up to 5 cm long), broad ly-ovate to ovate and (3.6-)4.1-5 x 2.2- 
2.6 pm. The lower glume is about 1/2-1/3 the length of the spikelet, with 3 veins 
visible across their entire length. The upper glume has 5 veins also entirely vis- 
ible. The sterile lemma is 7- veined, with the lateral veins usually visible along 
their entire course. The longest macrohairs are about 1 mm long (Fig. la). The 
silica bodies belong to the type D1 (Fig. la). The stigmas are red. 

The caryopsis is ovate to almost round, 2. 2-2. 8 x 1.9-2. 3 mm (Fig. 3d) and 
yellowish. The embryo is 0.6-0. 7 the caryopsis length, with the scutellar region 
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zone smooth (F^ig. 3d). Thcepicarpccllsare 100-120 x 10-15 pm. The periclinal 
vvallsare flat. The anticlinal wallsare moderately thick (2-2.6pm)and weakly 
S-Lindnlatcd (Fig. 2e). The amplitude ol the undulations is 1-3 pm, and their 





am s a re 



width is 8-11 pm. The mealy endosperm 
d.5 pm (± 0.58) in length. The chromosome numbers reported are: 2n = 36 
(Carretero 1081) and 2n = 6x = 54 (Yabuno 1084: Feng & Zdiang 1003). 

The species is a common weed in rice occurring in many countries Ironi 
/\sia, FurcTpe, North America, South /Xmerica and Australia. It is probably one 
ctI the most w'idespread species al ter H. mt.s-gtd/i and H. colona. 



DISOUSSICTN 



Characters 



^ _ 



The genus tchiinu hloci does not ha\’C c|ualitative characters which clearl\’ de 
marcate its species. A good example is the presence ol hair tults in the collar 
region ol the leax'cs which has been considered an exclusive leaturc ol h. 
phyllopogoii. This assumption has sub.sec|uently caused a widespread nomen- 
ciatural and taxonomic confusion because as we ha\'e pre\’iously indicated, three 
species may show this leature (t. oryzicolu commonly; H. hispUlula and H. 
orvC(>ic/c.s'rarely). lAen the most significant c|ualitati\'echaractcrstateso\’erlap 
between species. When such characters are noted they are always accompa- 
nied by the words “ol ten.’'“usually,”“nc'>rmally,"etc. becauseexceptionsare pos- 
sible. The occurrence of a feature should be understood as a predilection and 
not as an exclusive characteristic. 

LcnwhiUil microniorphoIop^y—Thc long cells, microhairs and papillae are 
the same in all species examined. The pattern o! papillae in tchinochloa spe- 
cies is similar to the pattern described in the Icrtile lemmas ol some Pu/nk um 

& Cicuild 1675). The maerohairs are more or less similar in the 

UMetcalle 1660; 



examined taxa. Shorter hairs that could be described as 



Fllis 1676) were observed in all species. However, because these shorter hairs 
represent a developmental stage, only the macrohairs are recognised in this 
study as a distinct category (see Snow 1666, 1668 lor considerations on homol- 
ogy and ontogeny of hairs in Pouccac). Variations in length, distribution and 
density ol macrohairs are minute and there is considerable overlapping among 
species. The only exception is the short, rare macrohairs, with swollen bases 
from the intercostal regions ol sterile lemmas in P.oryzicolci (in the “lorm C'ol 
Yabuno 1662, 1681). These hairs are constant in their morphology and can be 






considered intermediate to 




s 1676). Silica bodies have 



previously been consideied structures ol ta.xonomic signilicance in Podccdc 



(Metcalle IbCsQ; 




s 1676; Palmer & Tucker 1681: Fvoli & Pirola 1671). In 



Pchinochlocd silica bodies vary in shape even within a small area ol the .same 
lemma. 1 lowever, in most species there is a tendency toward one or two types. 
Pcliinochloci hispitliihi was the most variable ol all species examined in this 
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Study. The silica bodies varied from population to population, with all the dif- 
ferent types observed. The previous epidermis studies conducted on leaves 
(Sanchez 1968; Pirola & Evoli 1971; Carrctero 1981;Jin ct al. 1986) are rather con- 
tradictory but they all showed an even greater variation of this character. Even 
if the results obtained in this study revealed some differences between species 
(E. hispidula excepted), the shape characteristics of the silica bodies should be 
regarded with caution. More populations need to be examined before a final 
conclusion is reached. The same cautionary approach towards the taxonomic 
utility of the silica body shape is suggested by other studies conducted on 
Zizcinia (Terell & Wergin 1981), Oryza (Whang & Kim 1994) and Lcptochloa 
(Snow 1996). Ball et al. (1999) showed that silica phytoliths examined individu- 
ally are taxonomically irrelevant. The authors instead used detailed 
morphometries, computer-assisted imagery and statistical analysis to develop 
a classification key of several Triticurn and Hordeum species. The presence or 
absence of silica bodies in lemmas can prove useful at higher ranks (genera 
and above) since their presence is probably symplesiomorphic (Snow 1996). 

Caryopsis.—The simple morphology of the caryopsis provides good char- 
acters for species identification. The size of caryopsis is important and corre- 
lated with the size of the spikelets. The other characters overlap between spe- 
cies but may be useful diagnostics is some cases, eg; caryopsis whitish, 
translucent (£. colona), yellowish (E. oryzoides ); embryo 0.4-0.5 of the caryopsis 
length (E. colona) or 0.75-0.9 (E.ory::ico/n). Surprisingly, surface patterns of the 
caryopsis proved to be significant in the differentiation between almost all 
Echinochloa species. However, more populations should be examined before any 
definite conclusions can be reached. 

The anatomy of the caryopsis is of minimal systematic value. The overall 
organization of the caryopsis coat resembles the structures described in Setaria 
(Rost 1973) or Mdica (Rost and Izaguire de Artucio 1990). The structural sim- 
plicity of the pericarp can be a functional result of the indurated lemma that 
protects the caryopsis. In those grasses where no coalescence between the cary- 
opsis and lemma occurs, or when the lemma is thin, the pericarp is more com- 
plex structurally (as for example in many IHticoirfccic— Netolitzky 1926; Avery 
1930; Krauss 1930; Bradbury et al. 1956; Ungurean & Costea 1994). The anatomy 
of the sterile lemmas in Echinochloa species could be more important as a taxo- 
nomic character than the structure of the caryopsis coat. The structural fea- 
tures and surface pattern of the lemma indicate its ontogenetic connection with 
the leaves. 

The average size of the starch grains examined in a large number of en- 
dosperm cells and caryopses is constant and significant among the species ex- 
amined and therefore can be considered a diagnostic feature. This character is 
as significant in the taxonomy of the genus as other quantitatively important 
characters such as the size of spikelets, and size of caryopses. 
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Relationships between species 




:ics as treated in the present study is ap- 
parently reinlorced by studies ol their biology and ecology (Holm et al. 1977, 



1 997; S 




1979; Chirila 1967; Carretero 1981; Yabuno 1983; Norris 1996; 



1 lonek &r Martinova 1996). The appropriate understanding of E.oryzicola was 
delayed by nomenclature problems since this binomial has been almost gener- 
ally considered a synonyiu ol if. plivllopogon (Pirola 1965; Morariu 1972; 
Kerguelen 1975, 1993, 2002; Czerepanov 1981; Michael 1983; Chirila 1984; 
Ciocarlan 2000). Apart Irom this nomenclatural contusion H. oryzicolu is the 
second species easiest to dilferentiate (after If. colunu) even using classic mor- 
phologic characters. It has the second largest (after h'.orycmTie.sOspikelets.cary- 
opses and starch grains; the micromorphology ol the sterile lemma and cary- 
opsis are quite peculiar as well. 

Yet apart Irom E. colona and If. oryzicola, which are usually easily 
recognisable, the other 3 taxa comprise a dillicult comple.\. Eclii iioch loa 
hispiJulci is extremely variable and shares close affinities with both E.oryzoitlcs 
and if. crus-gall i. Several current treatments tend to view if. hispidula as a sub- 
species or as a variety of if. crus-gal It (Michael 1983; Mateo Sanz 1990; Devesa 
1991; janzein 1993; Mateo Sanz &r Crespo Villalba 1995; Kerguelen 1993, 2002; 




'er,Gon 




izoenzvme 



variation ol these species, reached another conclusion: only 3species— fc. co/onu, 
if, crus-galli and if. oryzicola— were clearly detined. Echi nochloa hispidula and 
if. nryC()icic,s clustered together, and the variability between the populations ol 
if. hispidula was higher than the variability between both taxa. Therelore, the 



author 



ss 




/ most appropn; 





mot 




as a subspecies ol E.ory 
isozyme patterns ol variation of the same species, found only if. colona and if. 
oryzicola to be distinct Irom both morphologic and molecular point of view. 
Based on their morphology, the populations of if. crus-galli, E. hispidula and E. 
oryzoidcs congruently clustered together wdthin each species. However, based 
on the isozyme variation, there was a considerable overlapping between spe- 
cies suggesting a high degree of genetic variation. Consequently, Asins et al. 
(1999) advocated that E. hispidula and E. oryzoidcs us ini rasped! ic taxa ol if. 
crus-galli would be the most appropriate classification. We consider that in 
order to reach a final conclusion more populations worldwide should be 
analysed using combined molecular (such as RAPD, AFI.P, ISSR and DNA fin- 
gerprints) and morphologic methods, and the data resolved in a cladistic ap- 
proach involving all characters. The enormous variation observed makes the 
boundaries between these taxa rather uncertain and in order to avoid an arbi- 
trary classification, we maintained each taxa at specific level. In Echi nochloa 
the amplitude of morphologic variation can serve as a basis for taxa differen- 
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tiation. Each taxon has a (distinct morphologic core and the variation— statisti- 
cally understood— can serve to their delimitation. 
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